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Motivation

The statistical daily flow changes steeply and drops
quickly in Taipei Sung Shan Airport (TSA).

Typically short flight duration
In performance that FDP
data appear reliable and
useful.

Developing a feasible tool to
assist Controller to watch

approach queuing.
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Development of
PFAST

NASA Developed tools such as pFast in 1991 to
quickly display flights in Dallas/FW Airport for
ATC controllers from RDP.
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Development of FAST

Under ATMDC support, FAST was developed in
1995 to display and queue TCA flights in
London/LHR Airport.

Complicate tools
applied in these
systems.

Bage leg
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OOOI In CNS/ATM

Out, Off, On, In (OOQI) time data can accurately
acquired from ACARS/ADS-B support.

Metering fix data >
typically less than P )
30-40 minutes can | ,
offer flight landing
time ("ON" time)
forecast.
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Concept of this paper

FDP data from flight plans are some statistical
data from previous AOC records. It can be used
to estimate certain short range flights. Once the
metering fix obtains a coming flight, the "ON"
time can be forecasted.

TSA operation in Taiwan is short, no longer than
55 minutes. Once an aircraft is taking off, the
landing time can be estimated very closely.

The use of "OFF" time to estimate "ON" time
from SAR data.
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Approach to TSA
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TSA Approach

TSA approach from
three metering points
on easy map
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Data Supports from SAR

System Analysis Record
(SAR) is a statistical data
from Air Traffic Control
Automation System
(ATCAS) to generate
guite accurate and
reliable flight time data.

It is used for flight plans.
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Basic Assumptions

SQe "0 20CT

Approach routes are fixed, T/O from RCSS,
FAF at LK

Only two types A/C of jet or propeller
Apply RNP-1, horizontal separation 40 sec.
Flight time estimation by SAR

OOOI broadcasting available

Adjust flight time by ATC

Ground holdings less than 10 min.

No detour, no holding in air
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Adjusting Flight Time

Under ATC operation, jet or propeller aircrafts
can adjust flight time by reducing or increasing
speed by less than 10 knots.

From Lines to TSA Jet (400 n-mile speed) Propeller
aipor | Rowe | (UGS | e | o | o | v

RCBS W-4 177.3 39 41 84 91 270
RCYU B-591 48.5 11 11 25 27 260
RCQC W-4 53 12 12 27 29 260
RCKH W-4 95.4 21 22

RCNN W-4 95.4 21 22

RCFN B-591 152.5 34 35

RCMT W-2 149.1 141 157 190
RCLG W-4 26 20 22 210
RCKU W-4 66.5 47 52 220
RCDC W-4 95.4 49 FCNS 4667
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Developing by Excel
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Construct the Proposed
Method

Find from the original daily queue with conflicts
Check priority during that particular period
Landing A/C or Small A/C gets higher priority
First come first serve

Apply new sequencing methods

Insert flight

Increase capacity

Apply ATC advisory

Speed adjust

Ground holding

Get final queue of the next 50 min.

ICNS 2007
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Find Conflict

Variable definition for times
Tss(N): Nth aircraft to land or T/O from RCSS

Trne: RNP-X separation time, assume 40 sec
for RNP-1

Nc : Conflict aircraft number in TCA

ICNS 2007
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Find Conflict

Two aircraft conflict from Excel:
Tss(N) - Tss(N-1) < Trne

Fd Microsoft Excel - Resnltxls
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Find Conflict

Regional conflict (several A/C):
Tss(Nc+1)-Tss(1)2 Nc*Trnp

EA Microsoft Excel - Result s

|H) #RE HHEE ®wR0 BA0 $70 IED THO RS0 HAC

e @RY[smBS o-- 855 8l%
J%‘ﬁlﬂgﬁﬁ ~ 10 TBIE|§§§|$%,
H13 v =

HOHN-T3A  THA 26 ATHTZ = 16:42:00 0700 171500
T3A-KHH THA - 581 A320 L 17:19:00 171900
TEA-THHN |FAT 171 TH3IDER L 17:19:00 17:19:00

6 MWD22 16:37:00 0:43:00 0 172000

CVI-T3A  ULA 0=0 DHZ2 16:49:00 0:31:00 172000
MEG-TEA THA - 516/ ATRTLAAZIL 14700 032000 172500

L

THH-TEA  THA 538 | A5 L 16:43:00 037000 172000
=
=

LI oS T T o R S T
=
|_]
7]
X
7
=
it

ICNS 2007

18



Check Priority

1. Landing A/C gets absolute high priority
2. Earlier "OFF" time with earlier TSS gets higher priority
3. FAT56>TNA538>UIA980>TNA5S81>FAT171
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Toa-EHH THA &1 AZZ0 L 17:19:00 171500
L
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Check Priority

3.The same Tss, follows A/C type, propeller
gets higher priority than jet

4.Same type of A/C applies FCFS rule

UIA980>FAT56>TNAS538>TNAS81>FAT171
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Apply Sequencing

1. Insert queuing location

2. Increase capacity: separation limit,
adjust limit

3. Final adjustment: single A/C shifts,
following A/C delays

4. Repeating process until all Nc aircraft
being checked

ICNS 2007
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Sequencing

1. Insert location
2. Tss(N-1)=Tss(N)<Tss(N+1)
3. LetTss(N)-Tss (N-1) 2 Trne

ITIIIII‘IIIIIH/IIIIIﬂII

0o-30 01:00 01:20 02-00
+ + 4

HION -z Ted
CASE1 _ _ _ _
| | [ I I T |T I I I | ||
00- 30 01:00 01:-30 02-00 j

3 4 IF=3L,

CASE 2 5(-( 02:11

01:31
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Sequencing

2. Increase capacity:
adjust the limit

40 sec

a0: =0 0100

SC: Separation Constraint
AC: Adpstment Constraint

ICNS 2007
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Sequencing

3. Final check Tss(N+1) - Tss(N) < Trnp

Tne = Trnp - [Tss(N+1) - Tss(N)]

30 sec

Less Separation

ICNS 2007
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Sequencing

3. Final Adjustment - single aircraft
4. Tss[(N+1)+i]-Tss[N+i]2Z22 Trne

| | ] T | ] | ]]- ] | | I | | ] | | ] | T[
01:00 EE:DD c 0200 g#:[llil
@ 39s -{I-E 0= -{I-i s0s -{I-E
I \ T T fﬁ'__' 1
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Sequencing

3. Final Adjustment - Following aircraft delays
4, Tss(N+j+1) - Tss(N+]) > (TrnptThe)

| | | T | | | ﬂ- | | | I | | | | | | | T[ |
|:|1:D|:|3 02:00 03:00 g"-’l-:lzll:l
+ 205 1z als +
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ATC Advisory

SuggeSt dTETA :TETA (before) = TETA (after)
dTeTa<0, arrives earlier

dTera =0, on schedule

-

dTera>0, delays

ICNS 2007
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ATC Advisory

2. Adjustment Suggestion

3. Speed control: aircraft changes speed from
+ 10 knots to - 10 knots

4. Ground holding: stay on the ground
5. Detour: not apply now

6. Air holding: not apply now

ICNS 2007
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Queuing Solution

Adopt daily FDP data
make the first daily
gueue in Excel

Check every hour and

change by actual "OFF"

time, watch for the next
50 min.

Apply solution methods
to get new queue for
ATC within 20 min
before "ON" time

Data — Find Conflict

Input ——
Priority
~._=
Sequence
~_
Advisor

Output<

ICNS 2007
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Solution Algorithm

Data | nput
v
- Al D
Use VBA to process calculation [ *at °
and get solution Confli ot
_ . I Det ecti on
Compare with other "OFF" time
. : No Conflict ?
Solution time takes 0.5~1.5 sec —
for any changes Priority
Def i ne
Project data onto Excel and
: Sequence &
refresh new queuing on the Schedul e
ETA column every 2 seconds .
Resol uti on

Advi sor

ICNS 2007
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Simulations

. Select two part of the daily flow display

. Check Talipel Sung Shang Airport approach
gueuing

. Use VBA software for calculation

ICNS 2007
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Example 1

3 aircrafts have the same ETA to TSA

Airport Airline | Flight/AC | ETA/ETD Airline | Flight | Revised | Suggestion
HUN-TSA | TNA 26/S 7:15:00 TNA 26 17:15:00

TSA-KHH | TNA 581/L 17:19:00 TNA 581 7:19:00

TSA-TNN | FAT 171/L 17:19:00 FAT 171 17:19:40 | GH40s
KHH-TSA | FAT 56/L 17:20:00 UTA 980 17:20:21 | SPD 250k
TNN-TSA | TNA 538/L 17:20:00 >< TNA 538 17:21:01 | G/H61 s
CYI-TSA | UIA 980/S 17:20:00 FAT 56 17:21:41 | G/H101s

ICNS 2007
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Example 1

3 aircrafts have the same ETA to TSA

iLantRiE ool sk #RE IETERFH
HUM-T3A THA 26 3

THA 26

Toa-EHH THA 381 L
ToA-THN FAT 171 L

EWH-TaA FAT 8L
THH-THA | THA 335 L
CYI-THA UIA Bs0 3

*THA sl

FAT 171

UL 980
\\/ THA 538
,// \\‘

FAT 56

LIZG-TEA THA 516 &

THA 516

wE] Hisk BIEEE

17:19:00

17:19:40 Ht T < = 405
17:20:21 s rgZesl 25080
17:21:01 M SHi= 145 156
172141 i Si= 145 415
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Example 2

Regional conflict solution

Aarport Airline | FighttAC | ETA/ETD Aarline | Flight | Revised | Suggestion
TSA-CYI ULA 0177/S 16:38:15 UIA 0177 16:38:15
TSA-HUN | FAT 90/L 16:40:16 FAT 09 16:40:16
TSA-TTT | UIA 859/L 16:40:23 UIA 859 16:40:56 | GH33s
HUN-TSA | FAT 08/L 16:40:39 TNA 512 16:41:36 | SPD 250 k
MZG-TSA | TNA 512/L 16:40:52 FAT 133 16:42:15 | G/H27 s
TNN-TSA | TNA 536/L 16:41:03 FAT o8 16:42:56 | G/H137 s
TSA-KHH | FAT 133/L 16:41:48 TNA 536 16:43:36 | GH 153 s
TSA-HUN | TNA 25/8 16:42:14 TNA 25 16:44:16 | G/H122s
KHH-TSA | FAT 130/L 16:50:51 FAT 130 16:50:51

ICNS 2007
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Example 2

Regional conflict solution

ihan i ool Efak #RE EiERTR
TaA-CYT UlA 9177 &

TaA-HUN FAT
TaA-TTT U4
HUHN-T=A FAT
MZG-Toas THA
THH-THA THA
Toa-EHH FAT
Tasa-HON THA
EHH-T=A FAT

98 L
228 L
95 L
312
X
135 L
200
130 L

B HEsE BIEEE

16:38:15 Ul& (9177 16-38:15

ladla—FAT 99
164D 23— UlAa 859

164034 THA 514
164052 FAT 133
16:41:03 FAT 9s
16:41:48 THA 536
led2: 14— THA 5
16:50:51 FAT 130

16:40:164

16:40:56 HIE < 33F
164136 HFEFHER 2508
16:42:15 H T SE 275

16:42:56 MESEE 25 175
16:4336 MESEE 24 33F
164416 MIEFE 25 28
16:50051
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Demonstrations

r WD PE

Receive ACARS "ON" time data in real time
Refreshing queuing display on Excel by 2 sec.
Simulate ATC advisory

Check the feasibility of the proposal method

ICNS 2007
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40| TSA-THG 3 2:33:15 2:33:.15
4] TSA-KHH L 8:35:25 B:35:25
42| T3A-KHH L 2:41:27 8:41:27
43 MZG-T3A 3 0503 03200 84303
44 MEZW-T3A 3 £:0506 03200 84306
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| 281l TSA-MZG L 17:03:48 170348 :
| 282 HUN-TSA L 16:4338 0:2200 170533
| 283 KHH-T3a L 16:20:40 0:37:00 170640
| 284 TSA-KHH |L 17:09:03 17:09:03
| 285 TRACYT 3 17:09:56 170956
| 286 TSA-HUN 3 17:12:43 17:12:43
| 287 HUN.T3A |8 16:4620 0:27:00 171320
| 288 TSA-MZG L 17:14:44 17:14:44
| 289 TNN-TS& L 16:4305 0:37:00 172005
| 290/cYITeA |8 16:4920 0:31:00 172020
| 291 T3A-KHH L | 17:20:20 17:20:29
| 292 TSA-TNN L 17:20:48 17:20:48
| 293 KNH-T34 |L 163829 04300 17:21:29
| 294 MZG-TsA 3 16:46.04 0:38:00 172404
| 295 TRATHG 3 17:30:46 17:30:46
| 296/ TXG-T3A |3 170002 0:22:00 1731400
| 297 TSAKHH L 17:3400 17:34.00
| 298 TRACYT 8 17:34:31 17:34:31
| 299 THN-T3A L 170713 0:3200 173913
| 300 TTT-Tsa L 170224 03700 17:39:24
| 301 KHH-T3a L 170904 03700 174604
| 302 TSAKHH L 17:48:21 17:48:21
| 303 THO-T3A B 17:20:50 0:22:00 17:51:50

304 TSATTT L 17:52:25 17:52:25
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Applications

h N

o1

Application for heavy flow density airports
Establish daily FDP as flight data onto Excel display
Check metering fixes with update arrival time
Queuing all flights in this airport by the proposed
method software

Approach Center ATC applies advisory control to
change queuing data

Airport Local Control follows Excel Display for
operation

Adjust ETA by changing speed +/- 10 knots, short
flights may apply ground holding, long flights apply

detour or air holding

ICNS 2007
40



Application Example

Metering fixes for Atlanta Airport
DI-'\’AKOA -

A IOC
BYSON \/
ICNS 2007
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